Zeolites have long been known for their molecular sieving properties based upon crystalline pore structures of molecular dimensions. We explore strategies to introduce molecular sieving functions into inorganic thinfilms and membranes which are of current interest for sensor coatings and gas-phase separations.24 The zeolite films offer high thermal stability (>770 K) and chemical resistance. Surface acoustic wave (SAW, Figure 1 A) devices5 can be operated as highly sensitive piezoelectric balances that respond to small fractions of single-crystal monolayer adsorption via frequency changes of an oscillator circuit. Since the response is nonselective, a number of organic and organometallic coatings on SAW devices have previously been explored to impart chemical selectivity.6 The SAW device7** (97 MHz, detection limit ca. 100 pg/cm2) used in the present study to measure selective adsorption of organic vapors (0.1% of saturation in nitrogen flow, 295 K) consists of a single-crystal quartz substrate with interdigital transducers which was coated with zeolite-silica thin films and mounted in a test chamber with gas inlet and outlet.
(1) Breck, D. W. Zeolite Molecular Sieves; Krieger: Malabar, FL, 1984. (2) Bein, T.; Brown The zeolite-silica composites are prepared from suspensions of small zeolite crystals in alcoholic solutions of tetraethylorthosilicate (TEOS) that is hydrolyzed and polymerized by acid-and basecatalyzed reactions resulting in extended, weakly branched structures or compact, colloidal particles, re~pectively.~~'~ During deposition of the zeolite/silicate suspensions by dip-coating, the solvent is evaporated, and the silicate films gel, "freezing in" the incorporated zeolite crystals (Figure 2 ). Final consolidation of the porous matrix structure to a nonporous film occurs by viscous
The molecular sieving behavior of zeolite YI3 (Y, crystal size, 0.2 pm; pore size, 7.5 A), chabazite14 (CHA, crystal size, 1-3 pm; pore size, 3.7 A), ZSM-515 (crystal size, 0.5 ym; pore size, 5.4 X 5.6 A), and zeolite A (LTA, crystal size, 3 hm; pore size, 4.1 A) crystals is maintained when they are embedded in TEOS sol-gel derived glassy thin film^.^^,^' For example, the acid form of zeolite Y'* embedded in a silicate-based film adsorbs pyridine (5.9 8, kinetic diameter) as shown by consumption of the intrazeolite bridged hydroxyl groups (at 3540 and 3640 cm-I) and the formation of pyridinium ions (band at 1545 cm-'; Figure 1B ). However, exposure of a similar film to perfluorotributylamine (10.2 A) does not indicate any reaction with the internal bridged hydroxyls. Similarly, acidic chabazite-based films (pore size 3.7 A) react with ammonia (2.6 A) but not with tributylamine (8.1
The selectivity of zeolite films is maintained even in aqueous systems. For example, pyridine or N H 3 diffused into Cu(I1)containing faujasite-silica thin filmsI9 from aqueous solution coordinate to intrazeolite Cu(I1) to form [CuL4I2+ complexes as shown by the appearance of corresponding ligand vibrations, e.g., at 1610, 1543, 1487, and 1450 cm-' for [ C~( p y )~]~+ .
When CHA (3.7 A) or LTA (4.1 A) are incorporated in the glassy matrix, pyridine is completely excluded from the pores. In aqueous phase, the pyridine molecules bind selectively to Cu-FAU films but not to the corresponding N a or NH, forms.
Having demonstrated the chemical and size-based molecular selectivity of zeolite-silica films, we present the first application of these films as coatings on SAW devices. W e note that thin silica films alone, processed similarly, have extremely low porosity (<2%) and surface areas (1 cm2/cm2).8 A glassy silica matrix of ca. 150 nm thickness, embedding crystals of ZSM-5 (pore size 5.4 X 5.6 A), was coated on the active surface of a S A W device.
A striking difference in frequency response to different probe molecules was observed. While vapors of MeOH (ca. 3.8 kinetic diameter) and PrOH (ca. 4.7 A) adsorb at levels of 500-800 ng/cm2 in the film, the response to isooctane (2,2,4-trimethylpentane; 6.2 8) is minimal (below 5 ng/cm2). This dramatic difference can be understood if the kinetic diameters of these molecules are compared to the pore size of the zeolite film. The amount of vapor adsorbed in the film is in reasonable agreement with that calculated from crystal area densities observed in electron micrographs.
A). (17) Dip-coated composites were made from suspensions of 0.5-2.5 g zeolite in 2.5 mL of silica sol which was diluted with 5 mL of EtOH and coated on Si wafers at 50 mm/min vertical pulling rate. All wafers were dried in air at 360 K.
(18) Obtained by degassing the NH4-exchanged form at 670 K in vacuo.
(19) Zeolites were 50% ion-exchanged with 0.1 M CU(NO,)~ prior to dispersion in the sol.
We have established that (i) zeolite-silica thin films with molecular sieving properties can be prepared, (ii) the films can be modified such that different chemical selectivities result, and (iii) these zeolite films can be utilized to introduce chemical selectivity to highly sensitive surface acoustic wave devices. Other zeolite thin film coatings with modified chemical selectivities are presently being explored.
